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Abstract
Background: Physician-manned emergency medical teams supplement other emergency medical services in some
countries. These teams are often selectively deployed to patients who are considered likely to require critical care
treatment in the pre-hospital phase. The evidence base for guidelines for pre-hospital triage and immediate
medical care is often poor. We used a recognised consensus methodology to define key priority areas for research
within the subfield of physician-provided pre-hospital critical care.
Methods: A European expert panel participated in a consensus process based upon a four-stage modified nominal
group technique that included a consensus meeting.
Results: The expert panel concluded that the five most important areas for further research in the field of
physician-based pre-hospital critical care were the following: Appropriate staffing and training in pre-hospital critical
care and the effect on outcomes, advanced airway management in pre-hospital care, definition of time windows
for key critical interventions which are indicated in the pre-hospital phase of care, the role of pre-hospital
ultrasound and dispatch criteria for pre-hospital critical care services.
Conclusion: A modified nominal group technique was successfully used by a European expert group to reach
consensus on the most important research priorities in physician-provided pre-hospital critical care.
Background
The concept of a physician-manned pre-hospital emer-
gency medical team was born in the early 1950s, and
the first physician-manned mobile intensive care unit
(MICU) was put into service in Heidelberg, Germany, in
1957 [1]. To expand the area served and reduce trans-
portation times, the first physician-manned helicopter
emergency medical service (HEMS) became operational
in Munich in 1968 [2]. Although ambulance personnel
or nurses are usually the first pre-hospital medical per-
sonnel to assess the critically ill or injured patient, many
countries in Europe and, to some extent, Australasia,
commonly deploy physicians, often anaesthesiologists, in
pre-hospital emergency medical services (EMS) [3-6].
Physician-staffed EMS are a limited resource due to the
capacity and costs associated with the equipment, staff-
ing and training and are often selectively deployed by
helicopter or land-based emergency response vehicles to
patients considered likely to require critical care treat-
ment in the pre-hospital phase. Dispatch systems differ:
some systems utilise immediate call-out criteria based
on diagnoses or type of incident, whereas others
respond to requests for assistance from non-physician
EMS after the initial patient assessment [7-9].
International guidelines for pre-hospital triage and
immediate medical care have been developed for several
emergency medical conditions. Unfortunately, the evi-
dence base of such guidelines is often poor, particularly
in trauma care [10-15]. While numerous studies have
analysed the impact of educational interventions, such
as Advanced Trauma Life Support™, such data is of
limited relevance to pre-hospital care research because
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the primary focus is on the in-hospital phase of trauma
management, and there is a tendency for published stu-
dies to assess the educational rather than clinical success
of interventions [14,16-20]. More clinically oriented stu-
dies usually apply a retrospective approach, for example
by comparing trauma deaths before and after the imple-
mentation of novel trauma systems. Separation of the
pre-hospital component of care from the entire trauma
patient pathway limits the utility of these studies and
makes reliable conclusions about pre-hospital care diffi-
cult [21-24].
The lack of conclusive, reliable and valid research,
accompanied by inconsistent and imprecise reporting of
data results in little empiric evidence within this field.
This may explain the on-going debate regarding key
questions in pre-hospital critical care [25-29]. Rando-
mised controlled trials are difficult to conduct given the
nature of the field [30-35]. Some authors have even
questioned the use of randomised controlled trials in
pre-hospital emergency medicine, arguing that the ethi-
cal and practical implications may outweigh the poten-
tial benefits [36]. This lack of valid, high-quality
research is reflected in a relatively small number of sys-
tematic reviews compared with areas of in-hospital
medical care. Therefore, protocols for pre-hospital criti-
cal care are, to a large extent, based on low-level evi-
dence and sometimes little more than expert opinion
[10,37].
A British expert group was recently commissioned to
review the evidence base for the delivery of emergency
pre-hospital care, to identify gaps in the evidence base,
and to prioritise topics for future research [38]. This
report focuses on non-physician-manned EMSs and
non-critical pre-hospital care. Due to the differences in
medical competence and the availability of advanced
interventions, we believe that a focus on physician-pro-
vided care for critically unwell patients is likely to yield
different priorities. Confronted by this challenge, we
wanted to identify specific areas in need of high-quality
research. The aim of our study was to define key prior-
ity areas for research within the subfield of physician-
provided pre-hospital critical care by using a recog-
nised consensus methodology. We have used the term
physician-staffed EMS for all physician-manned pre-
hospital emergency medical teams, and this consensus
process focused only on those teams that are physi-
cian-manned.
Methods
A panel consisting of European experts in physician-
based pre-hospital critical care was invited to participate
in the consensus process. The consensus process was
based upon a four-stage modified nominal group techni-
que (NGT) that included a consensus meeting [39-42].
The expert panel
The criteria for selecting representatives for the expert
panel were clinical research and guideline development
experience in European physician-based pre-hospital cri-
tical care. All members of the expert panel were physi-
cians with clinical experience from participation in
physician-staffed EMS. We sought to include countries
with well-developed and well-integrated physician-
staffed EMS similar to the Scandinavian model. The
experts were identified through PubMed and Google
searches, the professional network of the project group,
and proposals from the invited panel members. The
experts were invited by e-mail, and three reminders
were sent to non-responders.
The consensus process
The consensus process was conducted in four consecu-
tive stages.
Stage one
Each invited expert was asked to use his or her expert
opinion and knowledge of relevant research and guide-
lines to prioritise the five areas in the field of physician-
provided pre-hospital critical care that he or she
believed were most in need of further research. The
explicit aim of the process was to identify important
deficits in the current evidence base and to provide a
focus for future research. Participants were guided in
the scope of their prioritised ‘areas’ using an example
from a separate field of emergency medicine, with ‘Ima-
ging in trauma patients’ provided as the specimen ‘area’
in this field. The invited experts were asked to define
‘areas’ of similar scope in physician-provided pre-hospi-
tal critical care. The proposals were returned to the pro-
ject group on a pre-designed Excel worksheet (Microsoft
Office 2008, Microsoft Inc., USA) by e-mail.
Stage two
All suggestions from Stage one were categorised and
alphabetised by the project group before being presented
to the expert panel by e-mail as an Excel file. The parti-
cipants were asked to consider the entire list of Stage
one proposals and to prioritise, in order, their ten most
important suggestions. The choice of ten prioritised
areas prevented participants from potentially nominating
only their own five suggestions from Stage one and
allowed a broader foundation on which to base the final
results. During Stage two, all participants were encour-
aged to combine areas they considered to have the same
core meaning, implying that each of the ten areas could
consist of several suggestions from Stage one.
Stage three
In Stage three the prioritised areas from all experts were
combined to create an overall list of the priorities. We
used a modified version of the system described by Del-
becq and Van de Ven in 1971 [43]. Our calculation
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awarded a point value to each suggestion depending
upon its placement in the ranked top ten: a ranking of
first place gave a point value of ten, second of nine,
third of eight and so forth, until the tenth place con-
ferred one point. In addition, each suggestion was
awarded two points each time it was nominated in a
participant’s top ten list. The total and, hence, the over-
all importance of each suggested area was calculated
from both the ranking priority awarded to it by the
expert panel members and by the number of times it
was included in the top-ten list of all participants. This
process allowed the top five priorities, as suggested by
the expert panel, to be identified using simple mathema-
tical equations within the Excel program. A list contain-
ing the top five areas and those that finished in sixth to
tenth along with comments from the initial stages was
returned to the participants two weeks before the con-
sensus meeting. This step enabled all members of the
expert panel to perform a second examination of rele-
vant scientific material before the group gathering.
Stage four
A consensus meeting was held at Torpo, Norway. This
provided the opportunity for extensive discussion and
debate in order to reach a final agreement on the top
five areas in need of further research. The prioritised
areas were further analysed, and three specific and
important research questions were identified within
each of these five areas. The discussion included sugges-
tions for methodology, practicalities and approximate
study size. Subsequent to the consensus meeting, all
participants received an e-mailed draft list of the five
areas with the attendant three questions in each area.
Comments on this draft were taken into consideration
before all members of the expert panel agreed on the
final table.
Results
Twenty-one physicians from Europe were invited to join
the expert panel, and 18 responded. In addition, another
panel member was suggested by one of the invited
experts and accepted the invitation, making a total of 19
participating researchers. Five participants were unable
to attend the consensus meeting but participated in
Stages one, two, three and a review of the consensus
meeting results. Fourteen experts were present at the
consensus meeting.
A total of 85 different research subject areas were
identified after Stage one.
In Stage two, the experts individually combined simi-
lar areas of the 85 suggestions, reducing the total num-
ber of research areas to 36. (Table 1) In Stage three, the
project group applied the prioritisation system described
in the methods section and worked out, in a consecutive
sequence, the ten areas that received the highest point
value. These were: 1: Pre-hospital critical care: Staffing,
training and effect, 2: Advanced airway management in
pre-hospital care: what is best for the patient? 3: Define
time window for time critical interventions - what are
the time windows for critical care interventions whether
pre- or in-hospital? 4: Pre-hospital ultrasound, 5: Dis-
patch/activation criteria for pre-hospital critical care ser-
vices, 6: Integrated information systems, 7: Evaluating
quality of care, 8: Patient safety - how to avoid patients
getting harmed by pre-hospital procedures and thera-
pies? 9: Pre-hospital temperature management in
severely injured and ill patients, 10: Monitoring in the
pre-hospital setting.
At the consensus meeting, the expert panel was
divided into two groups. Each group was tasked with
Table 1 All suggested research areas
1 Pre-hospital critical care. Staffing, training and effect
2 Advanced airway management in pre-hospital care
3 Define time window for time-critical interventions
4 Pre-hospital ultrasound
5 Dispatch/activation criteria for physician-manned EMS
6 Integrated information systems
7 Evaluating quality of care
8 Patient safety in the pre-hospital setting
9 Pre-hospital temperature management in critical care patients
10 Monitoring in the pre-hospital setting
11 Fluid resuscitation in shock
12 Efficient and reliable trauma registries
13 Immobilization techniques
14 Pre-hospital management of stroke
15 Where to go with which patient?
16 Emergency cardiac care in the pre-hospital setting
17 Management of haemorrhagic shock
18 Interhospital transport
19 Does further centralization give better outcomes?
20 Goal-directed therapy studies in pre-hospital critical care
21 EMS systems - regionalization of emergency care
22 Validity and impact of pre-hospital assessment
23 Economic impact of EMS
24 Pre-hospital analgesia, new perspectives
25 Major incident management: How can it be improved?
26 Management of severe head injury
27 Pre-hospital recognition and goal-directed therapy of sepsis
28 Paediatric transport solutions
29 Implementation of new guidelines and research findings
30 Effects of pre-hospital care on quality of life
31 Ethical implications in pre-hospital research
32 Pre-hospital care as a steering system for acute patients
33 Lay person interventions before arrival of EMS
34 Communication and interaction between EMS and hospitals
35 Evaluation of future needs in pre-hospital care
36 Pre-hospital thoracotomy
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reaching agreement on three specific questions or sub-
ject areas within each research area to focus and priori-
tise the research efforts. In a final plenary session, the
expert panel discussed and made a final decision on the
top five areas in addition to three definite research ques-
tions, as described above. (Table 2) At the end of the
meeting, the expert panel decided to continue the coop-
eration with a second meeting planned for October
2011.
Discussion
The two most important areas for future research as
suggested by the expert panel turned out, not surpris-
ingly, to be two of the most controversial and difficult
areas of clinical pre-hospital practice: the role of
advanced practitioners in pre-hospital critical care and
advanced pre-hospital airway management. Despite hav-
ing received much attention, both of these areas remain
unresolved.
The effect and efficiency of physician manning of pre-
hospital EMS has been the subject of several studies in
recent years [5,6,44-52]. This subject has been, and
remains, controversial and is linked to the debate
between advanced and basic life support [52]. The
results have been contradictory to some extent, even in
similar studies. For example, in two retrospective com-
parisons of blunt trauma patients treated by physicians
or paramedics, Garner et al. [6] found a lower mortality
in the physician group, whereas Iirola et al. [45] found a
trend towards higher mortality in the physician group.
However, both studies found that although treatment in
the physician groups was more extensive, it did not
delay arrival at the hospital. One review article compar-
ing pre-hospital treatment by physicians or paramedics
supported the inclusion of physicians in EMS for pre-
hospital trauma care [5], whereas another found
increased survival in trauma patients and a trend
towards increased survival in cardiac arrest, myocardial
infarction and respiratory distress [49]. Both reviews
found that the number of articles was few and that the
quality of the studies was variable. The topic has
remained controversial due to study design and a lack
of consistent results in addition to confounding factors
such as publication bias in favour of physician-based
services, comparisons of different transport methods
and differences in interventions performed by the
respective groups [5,49].
Pre-hospital airway management is one such advanced
intervention. Despite being the topic of several articles,
including review articles and a Cochrane review
[37,53-55], a recent all-time literature review concluded
that the data presented in studies focusing on pre-hospi-
tal airway management in adults were deficient and
inconsistent [28], making the majority of studies non-
conclusive and invalid. In the last two years, several
large, well-designed pre-hospital studies have been
initiated, and importantly, the first prospective, rando-
mised, controlled clinical trial of pre-hospital intubation
Table 2 The top five priority research areas with key questions to be addressed
Research Area Key Research Questions to be addressed
Appropriate staffing and training in pre-hospital critical care and the
effect on outcomes. This includes the value of physicians in the pre-
hospital field.
What staffing and training is required to meet the needs of specific
groups of critical care patients in the pre-hospital environment?
Is the cost of high-level staffing worthwhile?
Which training methods are successful, and how are the skills maintained
and assessed?
Advanced airway management in pre-hospital care: what is best for the
patient?
What are the indications for advanced airway interventions?
What factors influence the decision to intubate, and what is the
physician’s role in decision-making?
When should alternative airway devices or conservative airway
manoeuvres be used?
Define time windows for key critical interventions which are indicated in
the pre-hospital phase of care.
How does time to definitive in-hospital care influence pre-hospital
decisions, and how do pre-hospital decisions influence the time to
definitive in-hospital care?
Do pre-hospital management protocols result in better adherence to
evidence-based guidelines in time-critical conditions?
Which clinical situations are time limited or time dependent?
The role of pre-hospital ultrasound. Which ultrasound examinations can be reliably transferred to the pre-
hospital setting?
How does pre-hospital ultrasound affect patient management and the
patient pathway?
How should providers achieve and maintain specific ultrasound skills?
Dispatch/activation criteria for pre-hospital critical care services. Which criteria accurately identify high acuity patients who require critical
care attendance or transport?
Do established dispatch systems efficiently target high-resource services?
What defines under- and overtriage in specific patient groups, and what
rates do current systems produce?
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in adult patients with severe head injury, was published
in 2010 [56]. Nevertheless, while this study represents a
milestone in pre-hospital airway management research,
it focuses on paramedic intervention, and the authors
conclude that more research is needed. Our knowledge
of the crucial factors associated with a good outcome of
pre-hospital intubation remains poor, and more high-
quality studies are needed. In 2009, an Utstein template
for documenting and reporting pre-hospital advanced
airway management was published [42]. This template
may increase the validity of future studies on this sub-
ject [57].
The third priority was the timing and necessity of cri-
tical interventions. A recurring controversy concerns
which advanced interventions should be performed in
the pre-hospital setting and which can and should wait
until hospital arrival. Established time concepts such as
‘the golden hour of trauma’ have been challenged due to
the lack of scientific evidence [58-60]. Concerning time
in pre-hospital critical care, there has been a major
debate in recent decades between the main approaches
of ‘scoop and run’ vs. ‘stay and play’ [29]. Connected to
the subject of staffing in the literature, the apparently
improved outcome of trauma patients treated by basic
life support teams compared with advanced life support
teams has been explained partly by the extra time spent
on the accident site by the latter, as mentioned in sev-
eral review articles [27,30,61]. While the focus of the
debate has been on treating the patient at the accident
scene in contrast to quick transport to definitive care,
studies that focus on which procedures can be omitted
at what times while considering all variables are scarce.
There are several aspects to time questions, such as
which conditions/clinical situations really cannot wait,
how long it takes to arrive at definitive care in different
systems/geographical areas, and the risks vs. benefits of
interventions on-scene in particular situations. The
questions posed by the group address these issues in
specific ways.
Incidentally, time consumption has been one of the
major concerns regarding the implementation of the
expert panel’s priority number four, pre-hospital ultra-
sound (US) [62]. New technology continues to make in-
hospital standards for monitoring and diagnosis applic-
able in the pre-hospital setting, but the potential benefit
to the patient remains to be proven. The expense, time
consumption and added weight of taking new technol-
ogy to scenes can be considerable. The need for educa-
tion and training to maintain the skills necessary to
operate the equipment is also important. The group
chose pre-hospital US as the highest-priority technologi-
cal tool to be evaluated. Small, battery-powered US
machines have proven feasible in the pre-hospital field
[63,64]. However, despite receiving broad attention in
the past decade [65], a review article from October 2010
concluded that there is currently no evidence in the lit-
erature to support that pre-hospital US of the abdomen
or thorax improves the treatment of trauma patients
[66], and a review article of echocardiography in cardiac
arrest from June 2010 concluded that no studies so far
have shown an improved outcome through the use of
this imaging modality [67]. Conversely, a prospective
trial concerning ultrasound in cardiac arrest, published
in November 2010, found that application of advanced
life support-compliant echocardiography in pre-hospital
care is feasible, and alters diagnosis and management in
a significant number of patients. However, further stu-
dies into its effect on patient outcomes were warranted
[68]. The clinical situations in which US should be
examined as a useful tool are expanding in number, and
publications on its use in brain trauma [69], airway
management [70], differentiating chronic obstructive
pulmonary disease exacerbation from heart failure [71]
and rapid treatment of fractures [72] mirror the huge
expansion and availability of US in emergency medicine.
The final area of interest to the group is less related to
hospital medicine and more to the core business of EMS
systems. The group recognised that accurate dispatch is
pivotal to success, considering the relatively scarce
resources and the importance of early attendance at
incidents with time-critical injuries. A systematic review
concerning physician-staffed EMS dispatches in 2009
found 34 studies that met the inclusion criteria. How-
ever, the study concluded that there are few studies
describing the validity of criteria defining an appropriate
physician-staffed EMS dispatch and that the results
from these studies lack general applicability [9]. A study
published in 2010 that provided an overview of dispatch
criteria related to physician-staffed EMS organisations in
Europe found a lack of uniformity in the use of these
criteria for trauma assistance on a national and interna-
tional level. The study concluded that future research
should aim to identify a general set of criteria with the
highest discriminating potential. The group recognised
that accurate dispatch is pivotal to success, considering
the relatively scarce resources and the importance of
early attendance at incidents with time-critical injuries.
The recent survey of the 999 EMS Research Forum
determined the most important priority topic to be the
‘Development of EMS performance measures other than
response times for use in performance management,
audit and research’ [38]. This subject also generated
considerable discussion at the consensus meeting, as the
value of pre-hospital research is limited in the absence
of appropriate outcome measures that reflect the impact
of pre-hospital interventions. Current evaluations of the
quality of pre-hospital care are frequently as crude as
the time from incident to arrival at hospital [73,74]. Pre-
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hospital interventions that delay transfer time will be
difficult to introduce in such systems unless improve-
ments in clinical condition or outcome are measured
and demonstrated. When survival to discharge from
hospital is used as a measure of pre-hospital care it can
be confounded by the entire chain of in-hospital treat-
ment, this makes the effect of pre-hospital interventions
difficult to demonstrate. The group discussed alternative
measures for evaluating the quality of pre-hospital care,
including isolated pre-hospital physiologic parameters
and patient satisfaction, as additional outcome measures.
The evaluation of the quality of pre-hospital care is of
crucial importance to all of the mentioned areas in this
exercise, but it did not emerge as a separate research
suggestion in the initial rounds. In an article by Jones et
al., in 1991, this topic was listed as one of the key ques-
tions in pre-hospital research [15]. Twenty years later,
the question seems to be as essential as ever.
Limitations
The scientific value of Delphi Surveys and NGTs has
been questioned [75,76]. However, consensus methods
continue to be a useful tool for assessing the extent of
agreement on matters in which hard evidence is difficult
to obtain, and the results can serve as input for other
processes [40,77,78]. Some critics of group meetings
have argued that verbally skilled participants can mono-
polise the group with arguments over wording [43] and
that ‘strong’ members of the group may take control of
the consensus process to defend their own viewpoints
[79]. The project group tried to avoid this problem by
anonymising the three first stages and by completing
the final ranking prior to the consensus meeting.
The prioritisation system used in our study generated
discussion at the meeting as to whether it accurately
reflected the expert panel’s views. Methods to achieve
consensus and methods to prioritise suggestions have
been widely discussed, but there is still no method that is
considered a gold standard [80]. We gave points to reflect
how often a particular subject was suggested in addition
to the points obtained by priority. Whether this approach
provides a more accurate description of the group’s opi-
nions can be questioned; however, this did not affect on
the resulting top five areas in this particular case.
Nineteen experts participated in our process. A larger
number of researchers from more countries may have
improved the scientific value of the project. However,
physician-based emergency services continue to be a
common supplement to pre-hospital medicine in only a
few parts of the world [3,5,6,45,81]. We sought to
include countries with well-developed and well-inte-
grated physician-staffed EMS similar to the Scandinavian
model. A majority of the delegates (Eleven out of the
19) were from the Scandinavian countries and some
major European countries were not present. Invitations
were sent to German, French and Czech researchers but
unfortunately none of these were able to attend this
project. The involvement of clinicians from more coun-
tries may have yielded a different priority list, for future
projects the group will try to increase the number of
countries represented in the expert panel.
Summary and conclusion
The output of this consensus process has produced a
number of clear priorities for the future of research in
physician-based pre-hospital critical care. The broad inter-
national representation and seniority of the invited experts
represents significant combined resources across the Eur-
opean continent. The experts’ motivation to initiate stu-
dies to address these questions may initiate a new phase in
the quality of pre-hospital care research through this pro-
cess. The expert group hopes that these priorities might
work as input for anyone involved in research as they
should be of interest not only to the researchers them-
selves, but also those involved in research financing. By
drawing attention to where a group of experts in the field
feel that the need for more research is of most urgent
importance we hope that grant-awarding bodies will be
more inclined to support projects that address these areas.
The study applied a modified nominal group technique
and reached consensus on the top five priorities for future
research in the field: appropriate staffing in pre-hospital
critical care, advanced airway management, time windows
for critical interventions, pre-hospital ultrasound, and dis-
patch/activation criteria for pre-hospital physician-manned
EMS. It was suggested at the meeting that the entire group
should meet again in five years to determine the extent to
which the research goals from this consensus process have
been fulfilled. Specific projects and cooperation between
different countries were discussed during the consensus
meeting, and another gathering considering these matters
is planned in October 2011.
Acknowledgements
The following people were the members of the expert group: David Lockey
(UK), Hans Morten Lossius (Norway) (Chairman), Roland Albrecht
(Switzerland), Stefano Di Bartolomeo (Italy), Maaret Castren (Sweden), Knut
Fredriksen (Norway), Dan Gryth (Sweden), Björn Gunnarsson (Iceland), Jouni
Kurola (Finland), Akkie Ringburg (The Netherlands), Mårten Sandberg
(Norway), Erik Sloth (Denmark), Stephen Sollid (Norway), Eldar Søreide
(Norway), Julian Thompson (UK), Wolfgang Ummenhofer (Switzerland),
Wolfgang Voelckel (Austria), Volker Wenzel (Austria), and Torben Wisborg
(Norway).
The entirety of this project and the consensus meeting were financed by
the Norwegian Air Ambulance Foundation (SNLA), and the main author is
on a research scholarship from SNLA. The authors would like to thank all
members and involved staff from SNLA for making this study possible.
Author details
1Department of Research and Development, Norwegian Air Ambulance
Foundation, Drøbak, Norway. 2Department of Anaesthesiology and Intensive
Care, Stavanger University Hospital, Stavanger, Norway. 3London HEMS, The
Fevang et al. Scandinavian Journal of Trauma, Resuscitation and Emergency Medicine 2011, 19:57
http://www.sjtrem.com/content/19/1/57
Page 6 of 8
Royal London Hospital, London, UK. 4School of Clinical Sciences, University
of Bristol, Bristol, UK. 5Department of Surgical Sciences, University of Bergen,
Bergen, Norway.
Authors’ contributions
EF was the main author and, along with HML, communicated with the
members of the expert panel and collected the data. HML conceptualised
and initiated the project. HML and DL chaired the consensus meeting, and
all authors were involved in the planning of the meeting and the writing
process. All authors read and approved the final version of the manuscript.
Competing interests
The authors declare that they have no competing interests.
Received: 1 August 2011 Accepted: 13 October 2011
Published: 13 October 2011
References
1. Jantzen JPAHDW: Textbook of Trauma Anesthesia and Critical Care. 1 edition.
St.Louis: Mosby - Year Book Inc; 1993.
2. Kugler G: ADACOPTER - Aufzeichnungen einer Entwicklung München: Werner
Wolfsfellner Medizin Verlag; 2002.
3. Lockey D: International EMS systems: Geographical lottery and diversity
but many common challenges. Resuscitation 2009, 80:722.
4. Krüger AJ, Skogvoll E, Castren M, Kurola J, Lossius HM: Scandinavian pre-
hospital physician-manned Emergency Medical Services-Same concept
across borders? Resuscitation 2010, 81:427-433.
5. Garner AA: The role of physician staffing of helicopter emergency
medical services in prehospital trauma response. Emerg Med Australas
2004, 16:318-323.
6. Garner A, Rashford S, Lee A, Bartolacci R: Addition of physicians to
paramedic helicopter services decreases blunt trauma mortality. Aust N Z
J Surg 1999, 69:697-701.
7. van der Velden MW, Ringburg AN, Bergs EA, Steyerberg EW, Patka P,
Schipper IB: Prehospital interventions: time wasted or time saved? An
observational cohort study of management in initial trauma care. Emerg
Med J 2008, 25:444-449.
8. Wigman LD, van Lieshout EM, de Ronde G, Patka P, Schipper IB: Trauma-
related dispatch criteria for helicopter emergency medical services in
Europe. Injury 2010, 41:1022-1030.
9. Ringburg AN, de Ronde G, Thomas SH, van Lieshout EM, Patka P,
Schipper IB: Validity of helicopter emergency medical services dispatch
criteria for traumatic injuries: a systematic review. Prehosp Emerg Care
2009, 13:28-36.
10. Pepe PE: Out-of-hospital resuscitation research: rationale and strategies
for controlled clinical trials. Ann Emerg Med 1993, 22:17-23.
11. Morrison CA, Horwitz IB, Carrick MM: Ethical and legal issues in
emergency research: barriers to conducting prospective randomized
trials in an emergency setting. J Surg Res 2009, 157:115-122.
12. Kwan I, Bunn F, Roberts I: Timing and volume of fluid administration for
patients with bleeding. Cochrane Database Syst Rev 2003, CD002245.
13. Wang HE, Yealy DM: Emergency medical services system research:
challenges and opportunity. Ann Emerg Med 2007, 50:643-644.
14. Carley S, Driscoll P: Trauma education. Resuscitation 2001, 48:47-56.
15. Jones SE, Brenneis AT: Study design in prehospital trauma advanced life
support-basic life support research: a critical review. Ann Emerg Med
1991, 20:857-860.
16. Williams MJ, Lockey AS, Culshaw MC: Improved trauma management with
advanced trauma life support (ATLS) training. J Accid Emerg Med 1997,
14:81-83.
17. Ali J, Cohen RJ, Gana TJ, Al-Bedah KF: Effect of the Advanced Trauma Life
Support program on medical students’ performance in simulated
trauma patient management. J Trauma 1998, 44:588-591.
18. Ali J, Adam R, Josa D, Pierre I, Bedsaysie H, West U, Winn J, Ali E, Haynes B:
Effect of basic prehospital trauma life support program on cognitive
and trauma management skills. World J Surg 1998, 22:1192-1196.
19. Santora TA, Trooskin SZ, Blank CA, Clarke JR, Schinco MA: Video
assessment of trauma response: adherence to ATLS protocols. Am J
Emerg Med 1996, 14:564-569.
20. Carmont MR: The Advanced Trauma Life Support course: a history of its
development and review of related literature. Postgrad Med J 2005,
81:87-91.
21. Cales RH: Trauma mortality in Orange County: the effect of
implementation of a regional trauma system. Ann Emerg Med 1984,
13:1-10.
22. Guss DA, Meyer FT, Neuman TS, Baxt WG, Dunford JV Jr, Griffith LD,
Guber SL: The impact of a regionalized trauma system on trauma care in
San Diego County. Ann Emerg Med 1989, 18:1141-1145.
23. Simons R, Eliopoulos V, Laflamme D, Brown DR: Impact on process of
trauma care delivery 1 year after the introduction of a trauma program
in a provincial trauma center. J Trauma 1999, 46:811-815, discussion 815-
816.
24. Ali J, Adam RU, Gana TJ, Williams JI: Trauma patient outcome after the
Prehospital Trauma Life Support program. J Trauma 1997, 42:1018-1021,
discussion 1021-1012.
25. Salomone JP, Ustin JS, McSwain NE Jr, Feliciano DV: Opinions of trauma
practitioners regarding prehospital interventions for critically injured
patients. J Trauma 2005, 58:509-515, discussion 515-507.
26. Seamon MJ, Fisher CA, Gaughan J, Lloyd M, Bradley KM, Santora TA,
Pathak AS, Goldberg AJ: Prehospital procedures before emergency
department thoracotomy: “scoop and run” saves lives. J Trauma 2007,
63:113-120.
27. Isenberg DL, Bissell R: Does advanced life support provide benefits to
patients?: A literature review. Prehosp Disaster Med 2005, 20:265-270.
28. Lossius HM, Sollid SJ, Rehn M, Lockey DJ: Revisiting the value of pre-
hospital tracheal intubation: an all time systematic literature review
extracting the Utstein airway core variables. Crit Care 2011, 15:R26.
29. Smith RM, Conn AK: Prehospital care - scoop and run or stay and play?
Injury 2009, 40(Suppl 4):S23-26.
30. Ryynanen OP, Iirola T, Reitala J, Palve H, Malmivaara A: Is advanced life
support better than basic life support in prehospital care? A systematic
review. Scand J Trauma Resusc Emerg Med 2010, 18:62.
31. Lyon RM, Egan G, Gowens P, Andrews P, Clegg G: Issues around
conducting prehospital research on out-of-hospital cardiac arrest:
lessons from the TOPCAT study. Emerg Med J 2010, 27:637-638.
32. Pepe PE, Copass MK, Sopko G: Clinical trials in the out-of-hospital setting:
rationale and strategies for successful implementation. Crit Care Med
2009, 37:S91-101.
33. Zalstein S, Cameron PA: Helicopter emergency medical services: their role
in integrated trauma care. Aust N Z J Surg 1997, 67:593-598.
34. Gold CR: Prehospital advanced life support vs “scoop and run” in trauma
management. Ann Emerg Med 1987, 16:797-801.
35. Haut ER, Kalish BT, Cotton BA, Efron DT, Haider AH, Stevens KA,
Kieninger AN, Cornwell EE, Chang DC: Prehospital intravenous fluid
administration is associated with higher mortality in trauma patients: a
National Trauma Data Bank analysis. Ann Surg 2011, 253:371-377.
36. Schou J: Ban prehospital randomized studies. Eur J Emerg Med 1997,
4:174-175.
37. Berlot G, Bacer B, Gullo A: Controversial aspects of the prehospital trauma
care. Crit Care Clin 2006, 22:457-468.
38. Snooks H, Evans A, Wells B, Peconi J, Thomas M, Woollard M, Guly H,
Jenkinson E, Turner J, Hartley-Sharpe C: What are the highest priorities for
research in emergency prehospital care? Emerg Med J 2009, 26:549-550.
39. Van de Ven AH, Delbecq AL: The nominal group as a research instrument
for exploratory health studies. Am J Public Health 1972, 62:337-342.
40. Jones J, Hunter D: Consensus methods for medical and health services
research. BMJ 1995, 311:376-380.
41. Ringdal KG, Coats TJ, Lefering R, Di Bartolomeo S, Steen PA, Roise O,
Handolin L, Lossius HM: The Utstein template for uniform reporting of
data following major trauma: a joint revision by SCANTEM, TARN, DGU-
TR and RITG. Scand J Trauma Resusc Emerg Med 2008, 16:7.
42. Sollid SJ, Lockey D, Lossius HM: A consensus-based template for uniform
reporting of data from pre-hospital advanced airway management.
Scand J Trauma Resusc Emerg Med 2009, 17:58.
43. Delbecq AL, Van de Ven AH: A Group Process Model for Problem
Identification and Program Planning. J Appl Behav Sci 1971, 7:466-492.
44. Butler DP, Anwar I, Willett K: Is it the H or the EMS in HEMS that has an
impact on trauma patient mortality? A systematic review of the
evidence. Emerg Med J 2010, 27:692-701.
Fevang et al. Scandinavian Journal of Trauma, Resuscitation and Emergency Medicine 2011, 19:57
http://www.sjtrem.com/content/19/1/57
Page 7 of 8
45. Iirola TT, Laaksonen MI, Vahlberg TJ, Palve HK: Effect of physician-staffed
helicopter emergency medical service on blunt trauma patient survival
and prehospital care. Eur J Emerg Med 2006, 13:335-339.
46. Osterwalder JJ: Mortality of blunt polytrauma: a comparison between
emergency physicians and emergency medical technicians–prospective
cohort study at a level I hospital in eastern Switzerland. J Trauma 2003,
55:355-361.
47. Dissmann PD, Le Clerc S: The experience of Teesside helicopter
emergency services: doctors do not prolong prehospital on-scene times.
Emerg Med J 2007, 24:59-62.
48. Meisler R, Berlac PA: [Prehospital trauma triage before and after
deployment of a physician-manned mobile emergency care unit in
Nordsjaelland]. Ugeskr Laeger 2009, 171:2548-2552.
49. Botker MT, Bakke SA, Christensen EF: A systematic review of controlled
studies: do physicians increase survival with prehospital treatment?
Scand J Trauma Resusc Emerg Med 2009, 17:12.
50. Timmermann A, Russo SG, Hollmann MW: Paramedic versus emergency
physician emergency medical service: role of the anaesthesiologist and
the European versus the Anglo-American concept. Curr Opin Anaesthesiol
2008, 21:222-227.
51. Lossius HM, Soreide E, Hotvedt R, Hapnes SA, Eielsen OV, Forde OH,
Steen PA: Prehospital advanced life support provided by specially
trained physicians: is there a benefit in terms of life years gained? Acta
Anaesthesiol Scand 2002, 46:771-778.
52. Di Bartolomeo S, Sanson G, Nardi G, Scian F, Michelutto V, Lattuada L:
Effects of 2 patterns of prehospital care on the outcome of patients
with severe head injury. Arch Surg 2001, 136:1293-1300.
53. Wang HE, Davis DP, Wayne MA, Delbridge T: Prehospital rapid-sequence
intubation–what does the evidence show? Proceedings from the 2004
National Association of EMS Physicians annual meeting. Prehosp Emerg
Care 2004, 8:366-377.
54. Lecky F, Bryden D, Little R, Tong N, Moulton C: Emergency intubation for
acutely ill and injured patients. Cochrane Database Syst Rev 2008,
CD001429.
55. Taylor DM, Bernard SA, Masci K, MacBean CE, Kennedy MP, Zalstein S:
Prehospital noninvasive ventilation: a viable treatment option in the
urban setting. Prehosp Emerg Care 2008, 12:42-45.
56. Bernard SA, Nguyen V, Cameron P, Masci K, Fitzgerald M, Cooper DJ,
Walker T, Std BP, Myles P, Murray L, et al: Prehospital rapid sequence
intubation improves functional outcome for patients with severe
traumatic brain injury: a randomized controlled trial. Ann Surg 2010,
252:959-965.
57. Davis DP: The need for standardized data reporting for prehospital
airway management. Critical care 2011, 15:133.
58. Lerner EB, Moscati RM: The golden hour: scientific fact or medical “urban
legend"? Acad Emerg Med 2001, 8:758-760.
59. Berger E: Nothing gold can stay?: EMS crashes, lack of evidence bring
the golden hour concept under new scrutiny. Ann Emerg Med 2010, 56:
A17-19.
60. Newgard CD, Schmicker RH, Hedges JR, Trickett JP, Davis DP, Bulger EM,
Aufderheide TP, Minei JP, Hata JS, Gubler KD, et al: Emergency medical
services intervals and survival in trauma: assessment of the “golden
hour” in a North American prospective cohort. Ann Emerg Med 2010,
55:235-246.
61. Liberman M, Mulder D, Sampalis J: Advanced or basic life support for
trauma: meta-analysis and critical review of the literature. J Trauma 2000,
49:584-599.
62. Knudsen L, Sandberg M: Ultrasound in pre-hospital care. Acta Anaesthesiol
Scand 2011, 55:377-378.
63. Busch M: Portable ultrasound in pre-hospital emergencies: a feasibility
study. Acta Anaesthesiol Scand 2006, 50:754-758.
64. Polk JD, Fallon WF Jr, Kovach B, Mancuso C, Stephens M, Malangoni MA:
The “Airmedical F.A.S.T.” for trauma patients–the initial report of a novel
application for sonography. Aviat Space Environ Med 2001, 72:432-436.
65. Gillman LM, Ball CG, Panebianco N, Al-Kadi A, Kirkpatrick AW: Clinician
performed resuscitative ultrasonography for the initial evaluation and
resuscitation of trauma. Scand J Trauma Resusc Emerg Med 2009, 17:34.
66. Jorgensen H, Jensen CH, Dirks J: Does prehospital ultrasound improve
treatment of the trauma patient? A systematic review. Eur J Emerg Med
2010, 17:249-253.
67. Price S, Uddin S, Quinn T: Echocardiography in cardiac arrest. Curr Opin
Crit Care 2010, 16:211-215.
68. Breitkreutz R, Price S, Steiger HV, Seeger FH, Ilper H, Ackermann H,
Rudolph M, Uddin S, Weigand MA, Muller E, Walcher F: Focused
echocardiographic evaluation in life support and peri-resuscitation of
emergency patients: a prospective trial. Resuscitation 2010, 81:1527-1533.
69. Tazarourte K, Atchabahian A, Tourtier JP, David JS, Ract C, Savary D,
Monchi M, Vigue B: Pre-hospital transcranial Doppler in severe traumatic
brain injury: a pilot study. Acta Anaesthesiol Scand 2011, 55:422-428.
70. Chun R, Kirkpatrick AW, Sirois M, Sargasyn AE, Melton S, Hamilton DR,
Dulchavsky S: Where’s the tube? Evaluation of hand-held ultrasound in
confirming endotracheal tube placement. Prehosp Disaster Med 2004,
19:366-369.
71. Frederiksen CA, Knudsen L, Juhl-Olsen P, Sloth E: Focus-assessed
transthoracic echocardiography in the sitting position: two life-saving
cases. Acta Anaesthesiol Scand 2011, 55:126-129.
72. McManus JG, Morton MJ, Crystal CS, McArthur TJ, Helphenstine JS,
Masneri DA, Young SE, Miller MA: Use of ultrasound to assess acute
fracture reduction in emergency care settings. Am J Disaster Med 2008,
3:241-247.
73. Pons PT, Haukoos JS, Bludworth W, Cribley T, Pons KA, Markovchick VJ:
Paramedic response time: does it affect patient survival? Acad Emerg
Med 2005, 12:594-600.
74. Blackwell TH, Kaufman JS: Response time effectiveness: comparison of
response time and survival in an urban emergency medical services
system. Acad Emerg Med 2002, 9:288-295.
75. Goodman CM: The Delphi technique: a critique. J Adv Nurs 1987,
12:729-734.
76. Rennie D: Consensus statements. N Engl J Med 1981, 304:665-666.
77. Pope C, Mays N: Reaching the parts other methods cannot reach: an
introduction to qualitative methods in health and health services
research. BMJ 1995, 311:42-45.
78. Lomas J: Words without action? The production, dissemination, and
impact of consensus recommendations. Annu Rev Public Health 1991,
12:41-65.
79. Sackman H: Delphi critique; expert opinion, forecasting, and group process
Lexington, Mass.,: Lexington Books; 1974.
80. Fink A, Kosecoff J, Chassin M, Brook RH: Consensus methods:
characteristics and guidelines for use. Am J Public Health 1984, 74:979-983.
81. Langhelle A, Lossius HM, Silfvast T, Bjornsson HM, Lippert FK, Ersson A,
Soreide E: International EMS Systems: the Nordic countries. Resuscitation
2004, 61:9-21.
doi:10.1186/1757-7241-19-57
Cite this article as: Fevang et al.: The top five research priorities in
physician-provided pre-hospital critical care: a consensus report from a
European research collaboration. Scandinavian Journal of Trauma,
Resuscitation and Emergency Medicine 2011 19:57.
Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color figure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
Fevang et al. Scandinavian Journal of Trauma, Resuscitation and Emergency Medicine 2011, 19:57
http://www.sjtrem.com/content/19/1/57
Page 8 of 8
